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(54) Method of restoring performance of a fuel cell by providing reverse current pulses and 
corresponding fuel cell system 



(57) A system for operating a fuel cell comprises a 
fuel cell having an anode, an electrolyte and a cathode. 
An external power supply circuit connects the anode 
and cathode. There are a fi rst supplier for supplying a 



fuel to the anode, a second supplier for supplying oxi- 
dizer to the cathode, and a controller for intermittently 
providing reverse current charging to the fuel celt via the 
external power supply circuit. 
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Description 

[0001] The present invention relates to fuel cells and more particularly concerns novel systems and methods for 
providing reverse current charging to a fuel cell. 

BACKGROUND OF THE INVENTION 

[0002] Fuel cells are electrochemical devices that produce usable electricity by converting chemical energy to elec- 
trical energy. A typical fuel cell includes positive and negative electrodes separated by an electrolyte (e.g., a polymer 
electrolyte membrane (PEM)). In a typical direct methanol fuel cell (DMFC), a fuel, such as hydrogen or methanol, 
supplied to the negative electrode diffuses to the anode catalyst and dissociates into protons and electrons. The protons 
pass through the PEM to the cathode, and the electrons travel through an external circuit to supply power to a load. 

SUMMARY OF THE INVENTION 

[0003] According to the invention, periodically interrupt operation of the fuel cell, and apply a reverse charging current 
to the cell during the interruption. 

[0004] In another aspect, increase air flow rate at the ca thode. 

[0005] In yet another aspect, the invention includes a power supply and energy storage device that provides reverse 
current charging to the fuel cell while supporting the load when fuel cell operation is interrupted, and during normal 
operation the fuel cell recharges the energy storage element. 
[0006] Other features, objects, and advantages of the invention will be apparent from the following description when 
read in connection with the accompanying drawing in which: 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] 
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FIG. 1 shows a system block diagram of an operating fuel cell In accordance with the invention; 
FIG. 2 shows a graph of voltage versus time, which demonstrates the effect of pretreatment of a fuel cell using 
reverse current charging according to the invention; 

FIG. 3 shows a graph of voltage versus time, which demonstrates the improvement in long-term decay of the fuel 
cell voltage using reverse current charging according to the invention; 

FIG. 4 shows a graph of voltage versus time, which shows restoration of fuel cell voltage after cell reversal using 
35 reverse current charging according to the invention; and 

FIG. 5 shows a graph of voltage versus time, which shows the improvement of fuel cell voltage using reverse 
current charging and an increase in cathode side air flow rate according to the invention. 
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[0008] Like reference symbols in the various views indicate like elements. 
DETAILED DESCRIPTION 



[0009] The method and system of the invention will be illustrated with reference to a direct methanol fuel cell (DMFC). 
However, the methods and system are applicable to any type of fuel cell including, but not limited to, fuel cells that 
45 utilize cartoon based fuels, such as methanol and ethanol. It also applies to hydrogen fuel cells that utilize either pure 
hydrogen or hydrogen contaminated with cartDon monoxide (CO) as fuel. Refemng to FIG. 1 , there is shown a system 
block diagram of a DMFC 110 in operation which methanol supplied to a negative electrode (anode) 120 that is elec- 
trochemically oxidized to produce electrons (e-) and protons (H+). The protons move through an electrolyte 100 to the 
cathode 130. The electrolyte 100 can be in the form of a solid polymer electrolyte membrane (PEM). The electrons 
50 travel through the external circuit 200 (described below) to the positive electrode (cathode) 1 30, where they react with 
oxygen (or an oxidizer) and the protons that have been conducted through the PEM to forni water and heat. Oxygen 
can be supplied to the cathode 130 by a variety of methods, such as, for example, flowing air or carrying via a liquid. 
An oxidizer can be used to oxidize and/or deliver oxygen via a fluid or gas to the cathode. Many possible oxidizers, for 
example, potassium chlorate (KC1 03) and sodium chlorate (NaCI O3), can decompose and release oxygen when heat- 
ed. Hydrogen peroxide (in a liquid form) also can decompose and release oxygen when contacting catalyst or acid. 
Although these oxidizers can directly contact the cathode and react with electrons to complete the reduction reaction, 
they can also be decomposed first, and then released oxygen is delivered to cathode. 

[001 0] The electrodes are In contact with each side of the PEM and are typically in the f onn of carbon paper that is 
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coated with a catalyst, such as platinum (Pt) or a mixture of platinum and ruthenium or a platinum ruthenium alloy (Pt- 
Ru). The electrochemical reactions occurring at the anode and cathode can be illustrated as follows: 



Anode (oxidation half-reaction) 
Cathode (reduction half-reaction) 


CH3OH + H20-> CO2 + 6H+ + Be- 
3/2 O2 + 6H+ + 6e- SHgO 


Net reaction 


CH3OH + 3/2 Og"^ CO2 + 2H2O 



[001 1] The electrons generated at the anode travel through the external circuit 200 that includes power processing 
10 circuitry and load circuitry (discu ssed below). The extemal circuit 200 includes an energy storage unit 150, which can 
include, e.g., a battery and/or capacitors. The energy from the fuel cell can be saved in the energy storage unit 150. 
The external circuit 200 optionally can include first intermediate power processing circuitry 140, which conditions the 
power from the fuel celt to properly supply the energy storage unit 150, if necessary. The first intemiediate power 
processing circuitry can include, e.g., a DC/DC converter The energy saved in energy storage unit 150 can be used 
15 to feed load circuitry 1 70 (e.g., a portable electronic device) via optional second power processing circuitry 1 60. Second 
power processing circuitry 160 may provide further power conditioning on the output from 150 depending on the re- 
quirements of the load circuitry 170, and may include, e.g., a DC/DC or a DC/AC converter. The combination of first 
power processing circuitry 140, second power processing circuitry 1 60, and energy storage unit 150 provide power to 
the load circuit 1 70. 

20 [0012] Fuel cell interruption can be provided by the interaction of power processing circuitry 1 80, second processing 
circuitry 160, energy storage unit 150, and control box 190. Circuitry 1 80 and control box 190 may comprise a hardwa 
re module, a software module, or combination thereof. The circuitry 1 80 draws power from energy storage unit 1 50 by 
providing a reverse current 1 85 to the fuel cell via switch or relay 147. Circuitry 1 80 provides reverse current to the 
fuel cell by injecting a current, which is opposite to the normal fuel cell discharge current. Therefore, during reverse 

25 current charging, the cathode potential is higher than during normal operation, and the anode potential is lower than 
during normal operation. Switch or relay 1 47 is connected to terminal 1 45 for normal fuel ceil operation. Switch or relay 
1 47 connects to switch terminal 1 46 during reverse current charging, and power from saved energy in energy storage 
unit 150 is provided to circuitry 1 80. Energy storage unit 150 continues to provide power to load 1 70 via second power 
processing circuitry 160 during reverse current charging. Control box 190 draws power from energy storage unit 150 

30 and controls how circuit 180 provides reverse current pulses to the system. The reverse current charge is related to 
the number of reverse current pulses and the duration of each pulse, and depends on the fuel cell specification, fuel 
cell operation status, fuel cell perfomiance, and extemal circuitry operating conditions. The control box 1 90 can provide 
periodic reverse current charging to the fuel cell to improve fuel cell performance depending on the fuel cell operating 
status (i.e., whether the fuel cell requires pretreatment, is in reversal condition, or has been operating for a long time 

35 and a decay in performance has been observed). Control box 1 90 monitors a variety of cell performance parameters, 
such as the fuel cell voltage, load current 175, power processing circuitry 160, and energy storage unit 150, fuel cell 
operating status via status line 125, fuel cell reversal by monitoring the fuel supply status, operating time elapse, and 
long-term performance decay. 

[0013] The reverse current charge pulses applied to the fuel cell can be controlled per monitored parameters via 
40 circuitry 180 and switch or relay 147. For example, the control box 190 can disable power processing circuitry 140 
during reverse current charging. When a decay in fuel cell output voltage is observed, control box 190 can initially 
provide a rapid series of reverse current pulses to the cell to increase the level of fuel cell power output. The reverse 
current pulses can then be adjusted to be less frequent as determined by monitored cell performance, i.e., due to an 
observed Increase and stabilization in cell output. Generally the fuel cell is constructed and arranged to provide steady 
45 power to the load circuitry 1 70, and the extra energy saved in the power supply 1 50 can be further used to satisfy peak 
power demand from the load circuit 170. 

EXAMPLES 

50 [0014] Membrane electrode assemblies (MEA) were fabricated or purchased from commercial sources. An MEA 
was tested in a single cell with 1 6cm^ active area. The experiments were conducted using 1 M methanol solution and 
compressed air The reversecurrent was typically the same as the load current. The duration of reverse current charging 
ranged from a few seconds to several minutes. During charging, the cell voltage was greater than the open circuit 
voltage, with the cathode under oxidation and the anode under reduction conditions. 

55 [001 5] MEA's were prepared as follows: R-Ru black (Johnson Matthey, London, UK) was mixed with a 5wt% NAFION 
solution (Electrochem Inc, Wobum, MA) and water to form an ink. The anode electrode was then prepared by applying 
a layer of th e obtained ink to a pre-teflonated (10wt%) carbon paper (Toray, Torayca, Japan). A similar process was 
used to prepare the cathode, except that the Pi was used instead of PtRu black (Johnson Matthey, London, UK). The 
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complete MEA was fabricated by bondin g the anode electrode and the cathode electrode to a NAFION® (Dupont, 
Wilmington, DE) membrane. The MEA was assembled for testing between two heated graphite blocks with fuel and 
air feed. 

5 Example 1 

[001 6] This example demonstrates performance improvement via pretreatment of a fuel cell prepared in accordance 
with the invention. As demonstrated in FIG.2, after reverse current was applied briefly to a MEA, performance of the 
MEA after pre-treatment (curve (a) In FIG.2) improved significantly compared to the pe rformance prior to the brief 
10 reverse current charging pre-treatment (curve (b) in FIG.2). 

[0017] The MEA was fabricated in-house with 4.5mg/cm2 of Pt-Ru and 3mg/cm2 of Pt. NAFION® N1 1 7 was used 
as the electrolyte membrane (Dupont, Wilmington, DE). The perfonnance (output voltage) of the freshly made MEA 
was tested at 70 °C with 2 A loading, both before and after pre-treatment. 

[0018] The pretreatment via brief reverse current charging was done as follows: the reverse current charging was 
fs carried out on the MEA by periodically applying a 2 A, 18 second reverse cun-ent pulse a total of six times over a 180 
minute period. When not being reverse current charged, the cell output cun-ent was maintained at 2A. The power 
improvement was 15% (a 15% voltage improvement as shown in FIG.2 under constant output current conditions trans- 
lates into a 1 5% power improvement). Note that power was provided by the cell at higher voltage after reverse current 
charging. 
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Example 2 



[0019] This example demonstrates the effect of periodic reverse current charging on slowing down long-term fuel 
cell perfonnance decay. Fuel cells are typically operated under constant load, i.e. in constant current mode. Long term 
operation In this mode results in a decay in the output voltage of the cell. In this example, the fuel cell operation was 
periodically interrupted manually and reverse cun-ent charging pulses were applied. In an operating system, these 
functions are provided by the system of FIG. 1 , where switch 147 is periodically switched between positions 145 and 
146 via circuitry 180 and control box 190. 

[0020] The MEA tested was prepared with 2.2 mg/cm^ Pt-Ru (Johnson-Matthey) on the anode side, 3.3 mg/cmS Pt 
on the cathode side, with a NAFION® N11 7 membrane. Teflonized Toray cartoon paper was used as the gas diffusion 
electrode. The cell was tested at 42 °C and with 550 cc/min airflow. The fuel cell operation was inten-upted via inter- 
rupting load current by disconnecting the fuel cell from the load (0.78A). During inten-uption, reverse current pulses 
were applied via an extemal power supply circuit. 

[0021] The cell was tested for a first period of time with a cun^ent discharge/charge cycle of 0.81 A /1 5 min discharge 
35 followed by -0.81 A/ 0.3 min of reverse cun-ent charging. The cell was then further tested for a second period of time 
consisting solely of constant current discharge of 0.78A. The curve of FIG. 3 shows the output of the cell under test, 
for both periods of time. The cell experienced a perfomr»ance decay of only 0.5mV/hr during the time in which periodic 
inten-uption and reverse cun-ent charging occun-ed vs. a performance decay of approximately 3mV/hr for period of time 
in which constant current operation was occun-ing. 
40 [0022] Note that the current discharge for the period of time during which periodic r everse cun-ent charging was 
occurring was maintained at a higher level (0.81 A) than it was during the period of time when the cell was operated 
under constant current load (0.78A). This is done to ensure that sufficient energy is available during the reverse current 
charging period to satisfy the load 170 and the energy demand from the reverse current charging circuit 180. 

45 Example 3 

[0023] This example describes restoration of fuel cell perfomnance after cell reversal has occun^ed. During long term 
operation of a fuel cell, it is possible for the output voltage of one or more cells contained in a large cell stack to become 
reversed. When this occurs, the cell output voltage becomes negative. That is, during cell reversal, the anode becomes 
50 more positive than the cathode. One common cause for reversal is reactant depletion. Although cell reversal can be 
caused by depletion of reactants in either the anode or cathode, the greatest problem occurs when the anode fuel is 
restricted. For example, without fuel in the anode, carbon corrosion will occur and the anode catalyst can be damaged 
by excessive oxidation. The cell can be revived, however, using the current reversal procedure in accordance with the 
invention. 

[0024] Cell reversal was simulated by occasionally operatin g a cell without fuel until the cell voltage became negative. 
It was discovered that by briefly applying a reverse cun-ent to the cell, the cell decay could be reduced and most of the 
cell perfonnance could be restored. 

[0025] An M EA was first tested with a defined load (discharge cun-ent) , which is described below. Afterthe cell voltage 
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stabilized, the fuel pump was turned off, while forcing the same amount of current through the cell» for a period of time 
which was long enough to cause cell damage. The cell damage caused by cell reversal was determined to have 
occurred if the cell voltage after the fuel source was restored was lower than the original cell voltage under the same 
output current density condition. 

5 [0026] The MEA was purchased from Lynntech (College Station, TX) with catalyst precoated on the membranes. 
The anode contained 4mg/cm2 Pi -Ru, and the cathode contained 4mg/cm2 R. This MEA was tested with tef Ionized 
carbon paper as the anode gas diffusion electrode and gold mesh as the cathode gas diffusion electrode using 600 
cc/min of airflow. FIG. 4 shows the fuel cell performance curve (voltage vs. time) at 1 A load at 70**C. After testing for 
a period of time (curve (a) in FIG, 4), the fuel delivery pump was turned off while the same amount of current was 

10 forced out of the cell. After a few minutes, the cell voltage became reversed (curve (b) in FIG. 4). The anode was more 
positive than the cathode with a cell voltage output of -1 .7V. When the fuel pump was tumed on and fuel delivery 
restored, the outpu t voltage was significantly tower than before cell reversal (curve (c) in FIG. 4). After applying a few 
brief reverse current charging pulses, most of the cell voltage was recovered (curve (d) in FIG. 4). 

15 Example 4 

[0027] This example describes combining reverse current charging with Increased air flow rate. FIG. 5 shows the 
improvement of fuel cell voltage using reverse current charging along with an increase in the cathode side airflow rate. 
[0028] Using the MEA prepared in Example 1 , the reverse current charging was tested at an air flow rate of 200cc/ 
20 nnin (curve (c) in FIG. 5) and 600cc/min (curve (a) in FIG.5). Before reverse current charging, the MEA had a lower 
voltage output at higher air flow rate. After reverse current charging, the MEA had a higher voltage o utput at higher 
air flow rate (curve (b) in FIG. 5) than the MEA at the lower air flow rate (curve (d) in FIG. 5). 

[0029] There has been described novel apparatus and techniques for improving fuel cell performance. It is evident 
that those skilled in the art may now make numerous modifications of and departures from the specific embodiments 
25 described herein without departing from the inventive concepts. Consequently, the invention is to be construed as 
embracing each and every feature and novel combination of features present In or possessed by the apparatus and 
techniques herein disclosed and limited solely by the scope of the appended claims. 

30 Claims 

1. A method of chemoelectric generating with a fuel cell, having an anode, an electrolyte and a cathode comprisi ng: 

supplying fuel to said anode; 
35 supplying oxidizer to said cathode; 

intermittently providing reverse current charging to said fuel cell. 

2. A method of chemoelectric generating in accordance with claim 1 and further including monitoring operating con- 
ditions of said fuel cell. 

40 

3. A method of chemoelectric generating in accordance with claim 2, wherein said reverse current charging occurs 
when monitoring operating conditions of said fuel cell indicates periormance decay of said fuel ceil. 

4. A method of chemoelectric generating in accordance with claim 2 wherein said monitoring of fuel cell conditions 
"^5 includes monitoring the voltage of said fuel cell. 

5. The method of claim 1 , wherein said intermittently providing reverse current charging controls the amount of reverse 
current charge received by said fuel celt. 

50 6. The method of claim 1 , wherein said intermittently providing reverse current charging includes selecting a specifb 
number of reverse current pulses and the duration of each reverse current pulse. 

7. The method of claim 6 and further Including monitoring operating conditions of said fuel cell selecting said specific 
number of reverse current pulses and duration of each pulse In accordance with the monitored fuel cell operating 
55 conditions. 



8. The method of claim 1 , wherein said intermittently providing reverse current charging increases the amount of 
charge received by said fuel ceil when said monitored fuel cell periormance deteriorates. 
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9. The method of claim 1 , wherein said intermittently providing reverse current charging decreases the amount of 
charge received by said fuel cell when said monitored fuel cell performance Improves. 

10. The method of claim 1, wherein said supplying oxygen to said cathode is via air flowing, 

1 1 . The method of claim 1 0, wherein said intermittently providing reverse cun-ent charging further includes increasing 
the rate of air flowing when supplying oxidizer to said cathode. 

12. The method of claim 1, wherein said supplying oxidizer to said cathode Is via a liquid. 

13. The method of claim 1, wherein said oxidizer is oxygen gas from air. 

14. The method of claim 1 , wherein said oxidizer is oxygen from decomposing potassium chlorate. 

15. The method of claim 1, wherein said oxidizer is oxygen from decomposing sodium chlorate. 

16. The method of claim 1, wherein said oxidizer is oxygen from decomposing hydrogen peroxide. 

17. A method of pre-treating a fuel cell, comprising an anode, an electrolyte and a cathode with an external power 
supply circuit connecting said anode and cathode, said method comprising: 

supplying methanol to said anode, 
supplying oxidizer to said cathode, 

and intermittently providing reverse cun-ent charging to said fuel cell via said extemal power supply circuit. 

18. A method of restoring performance of a fuel cell comprising an anode, an electrolyte and a cathode with an extemal 
power supply circuit connecting said anode and cathode when said fuel cell is in reversal condition said method 
comprising: 

^ supplying a fuel to said anode, 

supplying oxidizer to said cathode, 

intermittently providing reverse current charging to said fuel cell via said extemal power supply circuit. 

19. A method of operating a system having a fuel cell, said fuel cell comprising an anode, an electrolyte and a cathode 
an extemal power supply circuit connecting said anode and cathode, and an extemal load circuit connecting said 
anode and cathode, said method comprising: 
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operating said fuel ceil to provide powen 
monitoring operating conditions of said system; 

intemrilttently providing reverse current charging to sa id fuel cell via said extemal power supply circuit based 
on the monitored system operating conditions. 

20. The method of claim 19, wherein said operating said fuel cell to provide power furnishes power to said extemal 
power supply circuit which further p rovides power to said external load circuit. 

21 . The method of claim 1 9, wherein said monitoring system operating conditions includes monitoring the performance 
of said fuel cell. 

22. The method of claim 19, wherein said monitoring system operating conditions includes monitoring the operatinq 
condition of said fuel cell. *^ ^ 

23. The method of claim 19. wherein said monitoring system operating conditions includes monitoring the operatinq 
condition of said external power supply circuit. 

55 24. The method of claim 1 9. wherein said monitoring system operating conditions includes monitoring the operatinq 
condition of said external load circuit. r a 
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25. The method of claim 19. wherein said extemal power supply circuit provides power to said load circuit when 
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lectively providing reverse current charging to said fuel cell. 

26. A system for operating a fuel cell, comprising: 

5 a fuel cell having an anode, an electrolyte and a cathode, 

an extemal power supply circuit connecting said anode and cathode. 

a first supplier for supplying a fuel to said anode; 

a second supplier for supplying oxidizer to said cathode, 

a controller for intermittently providing reverse current charging to said fuel cell via said extemal power supply 
10 circuit. 

27. The system of claim 26, wherein said fuel cell consumes a carbon based fuel cell. 

28. The method of claim 27, wherein said carbon based fuel cell is a direct methanol fuel cell (DMFC). 

15 

29. The system of claim 26, wherein said fuel cell is a hydrogen fuel cell. 

30. The system of claim 29. wherein said hydrogen fuel cell utilizing pure hydrogen as fuel. 

20 31. The system of claim 29, wherein said hydrogen fuel cell utilizing hydrogen contaminated with carbon monoxide 
(CO) as fuel. 

32. The system of claim 26, wherein said controller is constructed and a rranged to monitor performance and operating 
status of said fuel cell. 

25 

33. The system of claim 26, wherein said controller Is constructed and arranged to monitor said extema) load circuit 

current. 

34. The system of claim 26, wherein said second supplier s upplying oxidizer to said cathode via air flowing. 

30 

35. The system of claim 26, wherein said second supplier supplying oxidizer to said cathode via a liquid. 

36. The system of claim 26, wherein said oxidizer is oxygen gas from air. 

35 37. The system of claim 26, wherein said oxidizer is oxygen from decomposing potassium chlorate. 

38. The system of claim 26, wherein said oxidizer is oxygen from decomposing sodium chlorate. 

39. The system of claim 26, wherein said oxidizer is oxygen from decomposing hydrogen peroxide. 

40 

40. A system for pretreating a fuel cell comprising: 

a fuel cell having an anode, an electrolyte and a cathode, 

an external power supply circuit connecting said anode and cathode, 

a first supplier for supplying a fuel to said anode; 

a second supplier for supplying oxidizer to said cathode, 

a controller for providing reverse current charging to said fuel cell via said extemal power supply circuit. 

41. The system of claim 40, wherein said fuel cell consumes a carbon based fuel. 

50 

42. The system of claim 41 , wherein said carbon based fuel cell is a direct methanol fuel cell (DMFC). 

43. The system of claim 40, wherein said fuel cell is a hydrogen fuel cell. 

55 44. The system of claim 43, wherein said hydrogen fuel cell utilizes pure hydrogen as fuel. 

45. The system of claim 43, wherein said hydrogen fuel cell utilizing hydrogen contaminated with carbon monoxide 
(CO) as fuel. 
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46. The system of claim 40, wherein said controller is constructed and an-anged to monitor performance and operating 
status of said fuel cell. 

47. the system of claim 40, wherein said second supplier supplying oxidizer to said cathode via air flowing. 

48. The system of claim 40, wherein said second supplier supplying oxidizer to said cathode via a liquid. 

49. The system of claim 40, wherein said oxidizer is oxygen gas from air 

50. The system of claim 40, wherein said oxidizer is oxygen from decomposing potassium chlorate. 

51. The system of claim 40, wherein said oxidizer Is oxygen from decomposing osdium chlorate. 

52. The system of claim 40, wherein said oxidizer is oxygen from decomposing hydrogen peroxide. 

53. A system for operating a fuel cell in reversal condition, comprising: 

a fuel cell having an anode, an electrolyte and a cathode, 

an external power supply circuit connecting said an ode and cathode, 

a first supplier for supplying a fuel to said anode; 

a second supplier for supplying oxidizer to said cathode, 

a controller for intermittently providing reverse current charging to said fuel cell via said external power supply 
circuit. 

54. The system of claim 52, wherein said fuel cell consumes a carbon based fuel. 

55. The system of claim 53, wherein said carbon based fuel cell is a direct methanol fuel cell (DMFC). 

56. The system of claim 52, wherein said fuel cell is a hydrogen fuel ce II. 

57. The system of claim 56, wherein said hydrogen fuel cell utilizes pure hydrogen as fuel. 

58. The system of daim 56, wherein said hydrogen fuel cell utilizes hydrogen contaminated with carbon monoxide 
(CO) as fuel. 

59. The system In claim 52, wherein said controller is constmcted and arranged to monitor performance and operating 
status of said fuel cell. 

60. A power system for converting fuel to electricity, comprising: 

a fuel cell for generating the electricity, said fuel cell having an anode, an electrolyte and a cathode; 
an external power supply circuit connecting said anode and cathode; 
an external load circuit connected to said anode and cathode; 

a controller for controlling said external power supply circuit to intermittently provide reverse current charging 
to said fuel cell. 

61. The power system of claim 80, wherein said fuel cell consumes a carbon based fuel. 

62. The power system of claim 61 , wherein said cariDon based fuel cell is a direct methanol fuel cell (DMFC). 

63. The power system of claim 60, wherein said fuel cell is a hydrogen fuel cell. 
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